Changes in the concentrations of calcium, phosphorus, and magnesium in the CSF mirrored those in the blood but were less pronounced.
2013-4564), 6 infants weighing less than 2500 g. There were 46 males to 29 females, a ratio of 3: 2. 51 of the infants were delivered by spontaneous vertex delivery; 24 by forceps or lower segment caesarean section; none by breech delivery.
All 75 infants were examined neurologically on the basis of a modified form of the scheme of examination suggested by Prechtl and Beintema (1964) , and gestational age assessed. Whenever possible neurological examination was carried out at the time of, or immediately after, the fit and also later during an interictal phase. Follow-up neurological examination was carried out at 4 months and again at 1 year.
Biochemical estimations on convulsing infants were carried out on plasma from lithium heparinized venous blood obtained usually from the femoral vein as soon after a convulsion as possible and before the institution of therapy. In control cases heparinized capillary blood plasma obtained by heel prick was examined 2i to 3 hours after a feed. Blood plasma was analysed for calcium and magnesium by atomic absorption spectrophotometry (Unicam Atomic Absorption Method Instruction Sheets Ca 1 Mg 1) for phosphate by the phosphomolybdate method (Fiske and Subbarow, 1925) , and for glucose by the glucose oxidase method (Huggett and Nixon, 1957) . Osmolality was estimated by the freezing point depression method using an 'Advance' osmometer.
Breast milk and various evaporated milk formulae used for infant feeding were examined for calcium, magnesium, and phosphorus concentration and osmolality. Concentrations of calcium, magnesium, and phosphorus in CSF were estimated in 23 infants with convulsions and in 15 infants without convulsions but with pyrexia of unknown origin in whom lumbar puncture had been carried out as part of a routine infection screen and the CSF found to be normal.
Biochemical results
Blood. In Fig. 1 individual plasma calcium concentrations in the convulsing infants are plotted against the range of normal values for infants fed on evaporated milk (based on mean ± 1 SD) and the individual values for normal breast fed infants. The infants with convulsions had significantly lower plasma calcium concentrations than breast and artificially fed infants without convulsions. Convulsing infants with calcium values in the normal range had subnormal magnesium concentrations. Plasma magnesium concentrations are plotted in a similar manner in Fig. 2 . Though in some infants with convulsions plasma magnesium concentrations were normal, the majority were significantly below the concentrations found in non-convulsing infants who were breast fed and artificially fed. Plasma phosphorus concentrations (Fig. 3) breast fed or artificially fed. In the 3 infants with low plasma phosphorus concentrations on the second day, the convulsions followed exchange transfusion (there was also hypocalcaemia). The various combinations of calcium, magnesium, and phosphorus disturbance are shown in Table I Mean values (and ranges) for plasma calcium, magnesium, and phosphorus concentrations over the period 5th, 6th, and 7th days of life, in breastfed normal infants, evaporated milk-fed normal infants, and evaporated milk-fed convulsing infants are analysed in Table II together with the plasma glucose concentrations. Concentrations of calcium, phosphorus, magnesium, and glucose in normal infants who were artificially fed were significantly different from concentrations in those who were breast fed; similarly, concentrations of calcium, phosphorus, magnesium, and glucose in convulsing infants were significantly different from concentrations in normal breast-fed infants; and concentrations of calcium, magnesium, and phosphorus, but not glucose, were significantly different in infants with convulsions from those without convulsions, fed on the same evaporated milk feeds.
Other factors such as plasma protein concentration and pH may influence ionization of calcium. Total plasma protein measured on the 6th day of life was not significantly different in artificially-fed infants (6 2±0 3 g/100 ml) compared with breastfed infants (6*0±0*5 g/100 ml). In capillary blood there was no significant difference in pH between those infants who were artificially fed (7 37±0 04) and those who were breast fed (7 36 +0 -02). Changes in plasma potassium concentration may also be associated with tetany. Plasma potassium was measured in 30 infants with convulsions and in only one case was it less than 3.5 mEq/l. In 14% of convulsing infants serum sodium was greater than 150 mEq/l. and in 20% less than 135 mEq/l. CSF. In the normal infants the mean calcium value in the CSF (6 * 6 ± 1 *1 mg/100 ml) was lower than in plasma (10.1 + 1 t8 mg/100 ml) partly due to the lower protein concentration in the former (ionizable calcium would probably be more comparable in plasma and CSF). In convulsing infants CSF calcium (5-9±1.9 mg/100 ml) was reduced as well as plasma calcium (6-2 +1-5 mg/100 ml), but not so markedly (Fig. 4) . Infants with convulsions maintained the usual significant difference In the normal infants mean magnesium concentration in the CSF (2-7±0-5 mg/100 ml) was higher than in plasma (1 *9±0*7 mg/100 ml). Both CSF magnesium (2-3±0-6 mg/100 ml) and plasma magnesium (1 4±0-5 mg/100 ml) were reduced in convulsing infants (Fig. 5) . The difference between concentrations of magnesium in plasma and CSF seen in the normal infant was therefore maintained also in infants with convulsions.
In the normal infants mean phosphorus concentration in CSF (1 9±1 2 mg/100 ml) was significantly lower than in plasma (75 ±25 mg/100 ml). In convulsing infants the mean concentration of phosphorus in CSF (1 9+0 8 mg/100 ml) was not significantly different from normal in contradistinction to the higher plasma concentration (8-7 ± 1 -6 mg/100 ml). The difference between CSF and plasmi phosphorus concentrations seen in the normal was thus maintained in convulsing infants.
Osmolality-blood and Composition and osmolality of various milks. Sample calcium, magnesium, and phosphate concentrations and osmolality in various milks used are shown in Table III . Much higher values for calcium and phosphorus were found in modified (evaporated) cow's milk compared with human milk, and added dextrose produced a markedly hyperosmolar feed. These analyses were repeated at different times of the year in view of the seasonal incidence of convulsions, but no significant differences were found. Maternal plasma values. Maternal plasma (venous samples taken in the puerperium) was analysed for calcium, magnesium, phosphorus, and alkaline phosphatase in 26 mothers of infants with prolonged convulsive episodes (Table IV) . The values were not significantly different from those found in a group of 30 normal mothers (at delivery) whose infants did not have convulsions. None of the mothers in the convulsions group suffered from hyperparathyroidism or a malabsorptive state; only 4 suffered from severe pre-eclamptic toxaemia, a condition likely to impair placental transfer of calcium (Khattab and Forfar, 1971) . During The infants were either in a normal state of alertness during the interictal period (74%) or were hyperalert (26%). None was apathetic. Hyperalartness could remain during a convulsion and in some instances an infant continued to feed while convulsing provided the fit was focal and not generalized.
Many of these babies were classically 'jittery'. This was marked in 35% though minor degrees were frequent. In the 'jittery' baby hand tremor is faster than convulsive movements and should not be confused with them. On the other hand, tetanic hamstring clonus shown by a spontaneous oscillation at the knee is slower than hand tremor and can easily be confused with a convulsive movement. If, however, the knee is passively flexed and the muscle relaxed, spontaneous oscillations stop, whereas in a convulsion the movements of the leg continue despite this passive flexion. Hamstring clonus can be produced by suddenly extending the infant's knees.
Tetany-shown by very brisk tendon reflexes; ankle, jaw, and hamstring clonus, and tremor of the arms-was considered to be present in 52% of cases but in a quarter of these was judged to be no more severe than may be seen in a normal very hungry hyperalert infant. Chvostek's sign was positive in less than 5O04,, of infants with hypocalcaemia but a 'main d'accoucheur' as shown in older illustrations (Thomson, 1925) The effect on plasma calcium of giving magnesium without added calcium can be seen in Fig. 8 . Plasma calcium as well as magnesium concentrations rose. Fig. 9 bined with other therapy in 36 so that 57 (77 %) received calcium gluconate. The total amount of calcium gluconate given before the fits stopped or the plasma concentration returned to normal varied between 70 and 500 ml or 0 6 to 4<1 g calcium. 33 infants received magnesium sulphate, 9 as the only form of treatment. 5 infants did not receive calcium or magnesium though the concentrations of these were abnormal, and their convulsions ceased spontaneously. 17 infants were given phenobarbitone early in the series or later while awaiting biochemical results. Magnesium is not without danger in the newbom period; overdosage can cause a curare-like neuromuscular blocking action. Only two doses were allowed to each infant before re-estimating plasma magnesium. In 9 infants, after treatment, clinical hypermagnesaemia (without plasma magnesium more than 2 SDs above the mean in 8) occurred with symmetrical bilateral hypotonia, poor recoil in the arms which lay extended at the infant's side, no resistance to the scarf test, hypotonia in the legs with easy approximation of heel to ear, and an exaggerated popliteal angle. These signs were transient and lasted less than 24 hours. They were not severe enough to require intravenous calcium which, by re-establishing the ratio of Ca++ to Mg++ on which normal neuromuscular transmission depends, would have been expected to reverse the condition.
Follow-up studies. 71 infants were seen at 4 months and 65 at 1 year. 60 infants (85%) were considered normal at follow-up, 8 (11 %) were slow in reaching certain milestones or retained certain primitive reflexes, 1 was thought to be normal at 4 months but to have a mild degree of ataxia at 1 year, 1 showed extensor dystonia at 1 year, and 1 mild spasticity in the muscles of the left calf at 1 year. In those who were slow in reaching milestones or retained primitive reflexes none was considered to come within the category of mental subnormality and the clinical impression was that their intellectual state was in keeping with the parents' intelligence. None of the affected infants had a significant degree of handicap.
Discussion
In the 2-year period over which this study was carried out the proportion of neonatal convulsions due to primary disturbance of mineral metabolism was 55%. In recent reports hypocalcaemia and hypomagnesaemia have been recorded as responsible for 20 to 34% of neonatal convulsions (Keen, 1969; McInerney and Schubert, 1969; Rose and Lombroso, 1970) . Others, less specifically, have reported a high incidence of hypocalcaemic neonatal convulsions (Baum, Cooper, and Davies, 1968; Pugh, 1968; Eades, 1968) . Earlier analyses of neonatal convulsions in this country (Burke, 1954; Craig, 1960; Harris and Tizard, 1960) reported hypocalcaemia as an aetiological factor in less than 1 % of convulsions.
Thirty-five years ago, Bakwin (1937) showed that the administration of a solution of inorganic phosphorus to newborn infants resulted in a fall in serum calcium within 2 hours. While the concentrations of all the main mineral elements calcium, phosphorus, and magnesium-are higher in cow's milk than in human milk, the order of change is not proportionate. The phosphorus/ calcium ratio in the former is 0.8/1 (compared with 0 2/1 in human milk) and the phosphorus/ magnesium ratio 7*5/1 (compared with 1 9/1) ( Table III) . The hypocalcaemic effect of the disproportionately high phosphorus content of cow's milk may be mediated through transitory hypoparathyroidism in the infant (Fanconi and Prader, 1967) , calcium or vitamin D deficiency in the mother (Watney et al., 1971) , vitamin D administration to the infant (Gittleman, Pinkus, and Schmerztler, 1964) , or lack of vitamin D in the infant (Barr and Forfar, 1969) . Hypomagnesaemia may also result from the disproportionate phosphorus load of cow's milk (Anast, 1964; Coussons, 1969) and factors which mayfurther mediate hypomagnesaemia are magnesium deficiency in the mother, a transitory functional hypoparathyroidism (Davis, Harvey, and Yu, 1965) impaired absorption (Paunier et al., 1965; Salet et al., 1966) , and target unresponsiveness (Seelig, 1971) .
Several reports on neonatal hypocalcaemia that responded to magnesium but not to calcium have appeared (Paunier et al., 1965; Davis et al., 1965; Salet et al., 1966) . In conditions in which minimum calcium and magnesium requirements are met, the greater the calcium intake the less magnesium retained (Seelig, 1971) . In dogs, acute intravenous loading with calcium increases renal excretion of magnesium (Wallach and Carter, 1961) . Thus, the administration of calcium to an infant with hypocalcaemia and hypomagnesaemia may aggravate the hypomagnesaemia and maintain the convulsive state. On the other hand an increased magnesium intake where minimum mineral requirements are met results in increased calcium retention (Seelig, 1971) . Further, infusion of magnesium into adult patients with hypocalcaemia and hypomagnesaemia results in an increase in ionized calcium (as well as magnesium) (Zimmet, Breidahl, and Nayler, 1968) . It has been suggested that magnesium deficiency interferes with the release of calcium from bone and that correction of the deficiency is necessary to increase the movement of calcium into plasma (Heaton and Fourman, 1965) . Thus, in contradistinction to calcium administration, the administration of magnesium to infants with hypocalcaemia and hypomagnesaemia is likely to correct both conditions. These observations provide a limited rationale for the effect of magnesium alone both in raising calcium and in curing convulsions and for the periodic therapeutic failure of calcium.
Magnesium is predominantly an intracellular ion and in newborn infants who have suffered from birth asphyxia the plasma magnesium rises (Engel and Elin, 1970) . In the convulsions with a primary disturbance of mineral metabolism reported here the CSF magnesium concentration fell, reflecting the fall in the plasma magnesium; likewise the CSF calcium fell, but the degree of fall was less marked than in plasma. These findings suggest that the changes in CSF calcium and magnesium which occur in hypocalcaemic hypomagnesaemic convulsions are secondary and due to blood changes rather than to any specific changes within the central nervous system. While hypocalcaemic and hypomagnesaemic infants who convulsed frequently showed a clinical pattern compounded of hypertonicity, jitteriness, increased muscle response to stimulation, increased tendon reflexes, a hyperalert state between fits, and transient hemisyndrome, these signs are not always present, nor are they specific for primary hypocalcaemia/hypomagnesaemia. They may also occur in brain damaged infants probably due to the secondary disturbances of mineral metabolism which accompany brain damage (Brown et al., 1972) . However, the combination of these signs in an artificially fed infant who develops convulsions between the fourth and tenth day and who appears normally alert and responsive between fits makes a primary disturbance of mineral metabolism a likely cause of the convulsion. A hyperalert state and transient hemisyndrome occur significantly more frequently in association with convulsions which are primarily metabolic than in those due to brain damage. On the other hand, certain neurological signs are almost invariably absent in primarily metabolic convulsions. These are marked apathy, hypotonia, absence of the Moro reflex, increased spontaneous movement, persistent hemisyndrome, ophthalmoplegia, and bulbar palsy. The presence of these signs, which are common in brain damage, almost excludes convulsions due primarily to hypocalcaemia or hypomagnesaemia. Thus the neurological picture in neonatal tetany is one of a cluster of certain signs in the absence of certain others.
As observed in this study, McInerney and Schubert (1969) , Rose and Lombroso (1970) , and Keen (1969) found the outcome satisfactory in the majority of neonatal convulsions due to primary hypocalcaemia and hypomagnesaemia. 
